ABSTRACT Background A prolonged symptom or disease duration at treatment initiation is associated with unfavourable outcomes in rheumatoid arthritis (RA). It is unknown whether this relation is linear, referring to a common 'the-earlier-the-better principle', or whether a transient time frame in which the disease is more susceptible to treatment exists, referring to a 'window of opportunity'. To elucidate this, we evaluated the shape of the associations of symptom duration with persistence of RA. Methods Patients with 1987 RA treated with disease modifying antirheumatic drugs (DMARDs) in the Leiden Early Arthritis Clinic (EAC, n=738) and Evaluation et Suivi de POlyarthrites Indifférenciées Récentes (ESPOIR) (n=533) were studied. Cox proportional hazards regression models using natural cubic splines were performed; the log-HR on DMARD-free sustained remission (the opposite of RA persistence) during 5-year follow-up was plotted against symptom duration. Discrimination was measured using time-dependent receiver operator characteristic curves. Subanalyses were performed stratified for the DMARDs used (methotrexate or other conventional DMARDs) and for anticitrullinated peptide antibody (ACPA). Results 11.5% (85/738) and 5.4% (29/533) of EAC and ESPOIR RA patients achieved DMARD-free sustained remission. In both cohorts and all analyses, the curves depicting the log-HRs on remission in relation to symptom duration were not linear. The symptom duration with optimal discriminative ability was
INTRODUCTION
Many studies within rheumatoid arthritis (RA) have shown that a prolonged disease duration or symptom duration at treatment initiation is unfavourable. It is associated with more severe radiographic joint destruction, a higher need of orthopaedic surgery, a higher mortality rate and a lower chance to achieve disease modifying antirheumatic drug (DMARD)-free sustained remission. [1] [2] [3] [4] [5] The shape of the association between the risk on an unfavourable disease course and the symptom duration at treatment start, however, is not known.
Two profiles may possibly explain the mentioned observations. First, a transient window during which outcomes can be more effectively modulated by therapy may be present. This refers to the 'window of opportunity' hypothesis and implies that whenever certain master-switches (crucial processes) have turned on or off the responsiveness to treatment is reduced. A small observational study aiming to evaluate the optimal time point of DMARD introduction showed that patients with a median disease duration of 3 months achieved lower disease activity score (DAS) scores and less radiographic damage than patients with a median disease duration of 12 months at first DMARD initiation. 6 Two larger cohort studies observed that patients with symptom durations ≤12 weeks developed less joint destruction 2 7 and achieved DMARD-free sustained remission more often 2 than patients with symptom durations >12 weeks. Although these observations may support the presence of a temporary window of opportunity, it has never been shown that after a certain symptom duration the effect of initiated treatment starts to diminish.
The alternative explanation of the association between the time till intervention and the outcome of RA relates to the 'the-earlier-the-better' principle that is universally valid in the context of the initiation of treatment for many diseases. 8 With regard to RA, it can be presumed that the total inflammatory load at the time of treatment onset is related to the disease outcome. Since the total inflammatory load is the product of the severity and the duration of inflammation, a linear association between the symptom duration and the outcome of RA can be hypothesised. Then the effect of early intervention is not confined to a very early window. In 1995, a randomised clinical trial in recent onset RA patients was published; 9 patients started treatment with auranofin directly or after a delay of 8 months. The early treatment group had better outcomes and this effect was maintained after 5-year follow-up. A similar trial was performed using hydroxychloroquine and similar findings were obtained. 10 The timing of intervention in most patients in both arms of both studies was considerably later than <3 months of symptom onset and still early treatment initiation was beneficial. Therefore, the advantageous effect of early treatment might not be restricted to a very early and temporary time frame. Furthermore, the difference in outcome observed in cohort studies comparing patients with < or ≥3 months symptoms 2 6 7 can also be found in case symptom duration is linearly associated with the outcome. Moreover, a recent study evaluating symptom duration on a continuous scale using regular cox regression, thus assuming that every increase in symptom duration is equally deleterious and hence assuming linearity, also observed significant associations for symptom duration. 1 Altogether, these studies do not allow differentiating between a linear effect and a window of opportunity. This study, therefore, set out to elucidate the shape of the relationship between the symptom duration at treatment initiation and the risk on a persistent course of RA. Persistence was defined as the absence of DMARD-free sustained remission; of possible disease outcomes, this outcome is the closest available proxy of cure of RA. We studied RA patients treated with conventional DMARDs that were included in two early arthritis cohorts. Symptom duration was kept continuous. The cox regression model applied did not assume a particular form of the relationship and the model that fitted the data best was presented.
METHODS Patients
RA patients were classified according to the 1987 American College of Rheumatology (ACR) criteria and derived from the Leiden Early Arthritis Clinic (EAC) and the French Evaluation et Suivi de POlyarthrites Indifférenciées Récentes (ESPOIR) cohort.
The EAC is an inception cohort that started in 1993 and has been described previously. 11 Inclusion took place when arthritis was confirmed by physical examination and symptom duration was <2 years. At study entry, patients used no DMARDs or glucocorticoids. For the current research question, RA patients who were promptly treated with DMARD therapy after inclusion were selected. Between 1996 and 2011, this concerned 802 RA patients; 738 of these had information on dates of symptom onset and were studied. The 63 patients without this information and the 738 studied patients did not differ in baseline characteristics (data not shown). Information on the initiated DMARDs is presented in table 1. None of the patients included in the years 1993-1995 were evaluated, as initial therapy concerned nonsteroidal anti-inflammatory drugs (NSAIDs) but not DMARDs.
ESPOIR is a longitudinal cohort including patients with RA or a suspicion to develop RA from 14 rheumatology centres in France. 12 Patients had to be aged 18-70 years and have ≥2 swollen joints for >6 weeks and <6 months. Out of the 813 RA patients included between 2002 and 2005, 533 were treated with DMARDs and studied here.
In both cohorts, patients filled in questionnaires at baseline, joint counts were performed and laboratory evaluations done. The yearly follow-up visits included clinical, laboratory and radiographic evaluations.
Symptom onset in EAC and ESPOIR was delineated identically and defined as the first musculoskeletal symptom (either being pain or swelling) relevant to the current presentation. 13 The symptom duration was defined as the duration between this patient reported symptom onset and inclusion and was determined by subtraction of dates, expressed in weeks.
Outcome
The main outcome was DMARD-free sustained remission; this is the opposite of disease persistence and was defined as the sustained absence of arthritis (absence of swelling by physical examination) after discontinuation of DMARD therapy, including biologics and glucocorticoids (systemic and intra-articular), for the entire period of follow-up (at least 1 year, up to 5 years). In the EAC, all medical files were explored until 5 April 2012. In ESPOIR, all structured visits in the database were reviewed.
Subanalyses
Because it is not known whether treatment with different DMARDs differently affects the associations between symptom duration and the log-hazard on DMARD-free sustained remission, analyses were stratified for the use of methotrexate (the current first-line therapy) and other conventional DMARDs. Further, since the biological pathway of development of anticitrullinated peptide antibody (ACPA)-positive and ACPA-negative RA is different, and ACPA-positive RA patients achieve DMARD-free sustained remission less often than ACPA-negative patients, it is possible that the associations between symptom duration and the log-hazard on DMARD-free sustained remission differ for ACPA-positive and ACPA-negative RA. Analyses were therefore also stratified for ACPA. Finally, we assessed the shape of the association of symptom duration with other outcomes. Although the outcome DMARD-free sustained remission (and its counterpart RA persistence) most closely fits with the window-of-opportunity hypothesis, DMARD-free sustained remission is achieved infrequently and for clinical daily practice other outcomes are relevant as well. The first alternative outcome was radiological joint destruction. The time between baseline and achieving a certain progression in joint destruction was assessed; two cut-offs were chosen rather arbitrarily and applied in the EAC in 485 RA patients who were included between 1996 and 2006 with scored radiographs (by one experienced reader with an intraclass observer correlation coefficients of 0.91): a delta increase of 5 and 15 Sharp-van der Heijde Score (SHS) points. The other outcome was time till sustained remission irrespective of DMARD therapy. Sustained remission was derived from the ESPOIR database and defined as the sustained absence of swollen joints count (=0) for at least 1 year irrespective of DMARD therapy and subsequently absence of swollen joints for the entire follow-up (the maximal follow-up was 5 years). 
Statistics
Cox proportional hazards regression models using natural cubic splines were used to model the effect of the symptom duration on time to DMARD-free sustained remission. 14 15 The use of cubic spline functions allows investigation of the shape of the effect; in contrast to regular cox regression, it does not assume linearity. HRs generally have a non-linear relationship with covariates; this is not the case for log-HRs. Therefore, the log-HR for increasing symptom duration values was plotted based on the model that fitted the data best. Time-dependent receiver operator characteristic (ROC) curves were used to evaluate the discriminative capability of symptom duration; the optimal cut-off value for symptom duration was determined using Youden's index (optimal sensitivity+specificity-1). All analyses were done in the statistical software R; 16 in particular, the R-packages survival and survival ROC were used. 17 18 RESULTS Symptom duration in relation to log-HR on DMARD-free sustained remission
Characteristics of the RA patients are presented in table 1. The median symptom duration at inclusion was 18.7 weeks (IQR 9.3-35.3) in the EAC and 21.3 weeks (IQR 13.4-33.5) in ESPOIR. In all, 67% and 76% of the patients started treatment with methotrexate; the majority of the remaining patients were treated with sulfasalazine or hydroxychloroquine. During 5-year follow-up, DMARD-free sustained remission was obtained in 11.5% (85/738) and 5.4% (29/533) in the EAC and ESPOIR, respectively.
First, the log-HR on DMARD-free sustained remission (the opposite of RA persistence) during 5-year follow-up was plotted against the symptom duration in the EAC ( figure 1A) . The log-HRs were negative, indicating a decreased chance on DMARD-free sustained remission, which equals an increased chance on disease persistence. The curve was not linear and the steepness changed at a point in time ( figure 1A ). For RA patients included in ESPOIR, a non-linear profile was also observed; after an almost linear start, the curve flattened towards an almost horizontal line ( figure 1B) . In order to comprehend the HRs more easily, the profile plotting the HR on DMARD-free sustained remission against symptom duration is presented as well ( figure 1C, D) .
Time integrated ROC curves
To evaluate the discriminative capability of symptom duration, time-dependent ROC curves were constructed with DMARD-free sustained remission as outcome. In both cohorts, the areas under the ROC curves were rather low: 0.61 in EAC and 0.59 in ESPOIR ( figure 1E, F) . These low values reduced the certainty with which the optimum of the ROC curve can be identified. The symptom duration with the best discrimination of patients with DMARD-free sustained remission from patients with persistent disease was 14.9 weeks (95% CI 12.3 to 16.0) in the EAC. Similarly, the symptom duration with best combination of sensitivity and specificity was 19.1 weeks (95% CI 12.3 to 28.0) in ESPOIR.
Subanalyses on initiated DMARD
To evaluate the influence of treatment on the relation between the log-hazard on DMARD-free sustained remission and symptom duration, analyses on 5-year follow-up data were repeated for patients treated with methotrexate and patients treated with other conventional DMARDs separately.
In both groups of patients in both cohorts, the profiles of the association between symptom duration and DMARD-free sustained remission were not linear (figure 2). The optimum symptom duration (determined using ROCs) in the EAC was 14.4 weeks (95% CI 10.3 to 46.3; area under the curve (AUC) 0.61) for methotrexate users and 18.3 weeks (95% CI 10.7 to 39.9; AUC 0.60) for patients treated with other DMARDs. In ESPOIR, this was 19.1 weeks (95% CI 7.0 to 168.3; AUC 0.55) and 20.7 weeks (95% CI 13.4 to 25.7; AUC 0.67, see online supplementary figure S1), respectively.
Subanalyses on ACPA
Because ACPA-positive and ACPA-negative RA differ in the processes underlying disease development and disease outcomes, analyses were also stratified for ACPA. In the EAC, n=67 (19.9%) of ACPA-negative RA patients achieved DMARD-free sustained remission during 5 years and n=13 (3.5%) of ACPA-positive RA patients. Also here, the curves plotting the log-HRs on DMARD-free sustained remission against symptom duration were not linear (data not shown). The optimum symptom duration was 11.4 weeks (95% CI 7.7 to 79.0; AUC 0.56) for ACPA-positive RA patients and 15.0 weeks (95% CI 9.7 to 48.7; AUC 0.56, see online supplementary figure S2) for ACPA-negative RA patients. In ESPOIR, only n=3 (1.1%) ACPA-positive patients obtained DMARD-free sustained remission, prohibiting stratified analyses in this cohort.
Subanalyses using other outcomes
Although the outcome DMARD-free remission fits most closely to the window of opportunity hypothesis, the shape of the association between symptom duration and other outcomes was evaluated as well. First, the time till a certain level of radiographic progression was achieved (an increase of 5 and 15 SHS points from baseline onwards, respectively) was assessed. These outcomes were obtained in 294 (61%) and 148 (31%) of the RA patients after a median follow-up of 3 (IQR 1-5) and 5 (4-5) years, respectively. The cox regression analyses using these outcomes also showed non-linear curves ( figure 3A, B) . Sustained remission was studied as well, although this outcome might reflect an individual patient's susceptibility to certain treatments in addition to changes in underlying disease mechanisms. Sustained remission was obtained in 212 (40%) patients. The profile was not linear here also; after an almost linear start, the steepness of the curve changed substantially at a certain point in time ( figure 3C ).
DISCUSSION
During the last two decades, many studies have observed that the time to intervention is associated with the efficacy of this intervention. A window of opportunity for therapeutic interventions, a time frame within which there is a disproportionate response to therapy resulting in long-term sustained benefits, is proposed to be present. The concept of this window was first hypothesised in the early 1990s. 19 The studies available on this subject have either compared 'early' versus 'late' or analysed the duration as a continuous variable presuming that every increase in units of time was equally deleterious. 1-3 6 20 Although both type of studies reported inverse associations between time to intervention and disease outcomes, the issue is still open whether there truly is an early period when RA patients respond to intervention in a fundamentally different way than they would if therapy was delayed. 21 This caveat prompted us to study the shape of the association between log-HRs on achieving DMARD-free sustained remission (absence of RA persistence) and symptom duration in RA patients treated with conventional DMARDs. The patients studied were included in ESPOIR and the Leiden EAC; previous studies on these cohorts have already shown that a prolonged symptom association was statistically significantly associated with an unfavourable course of RA. 2 7 We here applied methodology that allowed elucidating the shape of the relationship. We observed a non-linear association; the log-hazard on DMARD-free sustained remission decreased after a certain symptom duration. These data suggest that a confined period in which the disease is more susceptible to treatment is present indeed.
The duration of the window is unknown. In 1991, the window was supposed to endure 2 years 22 and at present it is considered to be the first 3 months. However, these suggestions are based on expert opinion rather than on scientific data. Although the cut-off of 3 months or 12 weeks is often referred to, 8 23 24 we did not find literature with data supporting this time-point. Several studies compared patients with symptoms for < or ≥3 Figure 1 Symptom duration in relation to the log-hazard (A and B) and HR (C and D) on DMARD-free sustained remission in rheumatoid arthritis patients in the EAC (A and C) and Evaluation et Suivi de POlyarthrites Indifférenciées Récentes (ESPOIR) (B and D) and the HR in the EAC (C) and ESPOIR (D) during 5-year follow-up. Time-dependent receiver operator characteristic curves of symptom duration with DMARD-free sustained remission as outcome in the EAC (E) and ESPOIR (F). (E and F) The symptom duration with the best discriminative ability was determined using Youden's index. DMARD, disease modifying antirheumatic drug; EAC, Early Arthritis Clinic. months, 2 6 7 but a rationale for this categorisation was not provided and it is unknown whether results would have been even stronger when another cut-off was chosen. In the present data, the steepness of the curve plotting the log-HR against symptom duration diminished around 15-20 weeks after symptom onset (figure 1). It cannot be concluded that the window 'is closed' after this period, but the data of the present cohorts clearly showed that the hazard on remission was less after this period, and so possibly it 'starts to close' at this point in time. In other words, we do not suggest that DMARD treatment after a certain window is futile, but that initiating a DMARD in this particular window might yield a better outcome. In case a patient is identified after this period has passed, DMARD therapy should certainly not be withheld.
The symptom duration with the optimum discriminative ability of disease persistence was estimated at 14.9 weeks in the EAC and 19.1 weeks in ESPOIR. The time point at which the curve plotting the log-HR against symptom duration started to flatten does not necessarily coincide with the symptom duration with the best Youden's index determined using an ROC. Nonetheless, in the present data both time indications were roughly similar. Importantly, the time estimation obtained using the ROC curves should be interpreted with care. First, because the ROC curves were relatively flat and the AUCs low, making the identification of a single time point less reliable compared with ROC curves with high AUCs. This uncertainty is reflected by the broad CIs. Second, the exact dates at which patients started to take DMARDs were not known in all patients (in the EAC, these data were incomplete; in ESPOIR, the median duration between inclusion and DMARD start was 1.4 weeks). We therefore performed the analyses defining symptom duration as the period between symptom onset and the first visit. Consequently, the obtained time estimation may be too 'narrow'. Third, the time indications are obtained on group level and may not be identical in every individual patient with RA. Because of these limitations, we cannot give definite answers on the length of the window of opportunity. Still, the observed results on symptom duration are rather consistent, which suggests some validity of these results.
The validity of the results on non-linear associations of symptom duration with the course of RA are strengthened by the finding that non-linear curves were also observed for radiographic progression and sustained remission. The curves on DMARD-free sustained remission of the EAC and ESPOIR cohort were not completely similar as the change in steepness was more profound in the results of the ESPOIR cohort. Nevertheless, when evaluating the results of both cohorts and the different outcomes, the general picture is that the association of symptom duration with the chance of either a favourable outcome (remission) or unfavourable outcome ( joint damage) is not linear. This study has limitations. It has been noted previously that studies evaluating the symptom or disease duration should indicate precisely how symptom onset or disease onset is defined in order to allow comparisons between studies. 13 In both cohorts, the onset of symptoms was defined identically as the first symptoms noticed by patients themselves. The fact that the symptom start was reported by patients may have induced some heterogeneity due to inter-individual differences in symptom awareness or symptom recollection. 25 Another issue is that we evaluated data of longitudinal observational cohort studies. These data reflect the daily care of patients and decisions to start and stop DMARDs were left to the patients and rheumatologists and not protocolised. In ESPOIR, mainly in the first years of its existence, quitting DMARD therapy was uncommon. Consequently, the observed frequency of DMARD-free sustained remission may be underestimated. Finally, whether DMARD-free sustained remission was achieved was determined slightly differently in the cohorts. In the EAC, all medical files were checked to ensure that DMARD-free sustained remission was present. In ESPOIR, the data of the structured visits with yearly intervals were studied. It is possible that more patients included in ESPOIR would have achieved DMARD-free sustained remission when all information present in medical files was evaluated. Though, differences in common practice on discontinuing DMARD therapy might be the most important cause for the higher frequency of DMARD-free sustained remission in the EAC than in ESPOIR.
It is not known which DMARD is most effective in taking advantage of the early, treatment susceptible, disease period. None of the patients studied were treated with biologics as first therapy. Since methotrexate is the treatment of first choice according to European league against rheumatism (EULAR) recommendations, 26 patients treated with methotrexate were studied in detail. The results of this subanalysis were in line with the results of the total group. Although it is known that methotrexate therapy reduces the severity of radiographic progression, 27 28 thus far evidence demonstrating that methotrexate is able to increase the chance on DMARD-free sustained remission when initiated early is absent. Current data therefore add importantly to the conception of methotrexate being disease modifying. 26 The biological mechanisms underlying the concept of the window of opportunity are unclear. Pathophysiologically, ACPA-positive and ACPA-negative RA are considered to be different subsets of RA. Analyses stratified for ACPA were possible in one cohort and revealed a slightly shorter window in ACPApositive than in ACPA-negative patients (11.4 vs 15.0 weeks). Because the CIs were broad, no definite conclusions can be drawn Figure 3 Symptom duration in relation to the log-hazard on an increase in SHS scores of 5 (A) and 15 (B) from inclusion onwards in the Leiden EAC and the log-hazard on sustained remission irrespective of DMARD therapy (C) in Evaluation et Suivi de POlyarthrites Indifférenciées Récentes (ESPOIR), all assessed during 5-year follow-up in rheumatoid arthritis patients. Achievement of an increase of SHS of 5 and 15 points is an unfavourable outcome and therefore the log-HRs were above 0. Sustained remission, in contrast, is a favourable outcome and therefore the HRs were below 0. DMARD, disease modifying antirheumatic drug; EAC, Early Arthritis Clinic. on these comparisons, though the tendency in the data may lead to the speculation that the presence of ACPA is related to a master-switch leading to an earlier closing of the window.
Present guidelines on the treatment of RA contain indications on the time ideally elapsed until access to rheumatological care is obtained or treatment is started. 26 29 More studies are required to determine what is 'in time' or 'too late' for specific groups of RA patients.
In conclusion, the present study demonstrated that the HRs on DMARD-free sustained remission decreased considerably before a certain time point. This study is the first providing strongly suggestive evidence that a confined period in which RA is more susceptible to treatment exits. Further proof might be obtained by performing clinical trials in patients with symptoms of very recent onset randomising for direct or delayed treatment. However, given the present knowledge this may be considered unethical.
